We try to see the babies prior to the onset of symptoms so that their parents can receive anticipatory guidance regarding seizures and how to recognize and respond to them and so that proper referrals to ophthalmology can be made. If there is any concern on history, exam, or EEG then we obtain a magnetic resonance imaging (MRI) with contrast. If presymptomatic diagnosis of brain involvement is made then treatment with low-dose aspirin is offered and if the brain involvement is extensively bilateral then an anticonvulsant such as levetiracetam is offered as well. Seizures are treated aggressively with a goal of obtaining and maintaining complete seizure suppression as much as possible often with a combination of low-dose aspirin and two anticonvulsants such as levetiracetam and oxcarbazepine. For many patients, this will provide adequate control of their seizures and stroke-like episodes. If the patient fails medical management and seizures are regular and accompanied by plateaued development, significant hemiparesis and visual field deficit and the patient is unilaterally involved and a surgical candidate then surgical management is urged. When the seizures are less regular, little or no hemiparesis or visual field deficit exist, and development is reasonable then this decision is more difficult. For bilaterally involved patients surgery is usually not a good option unless seizures are very severe and mostly coming from one side. Other therapeutic options include the ketogenic/Atkins diet and vagal nerve stimulator although in our experience these usually do not result in cessation of seizures. Endocrine problems occur with increased frequency and must be treated when they are present. The recent discovery of the somatic mutation causing Sturge-Weber syndrome holds promise for new treatment options in the future.
Introduction Presentation
Sturge-Weber syndrome (SWS) is a rare, congenital condition involving the brain, skin, and eye. SWS is primarily marked by a facial capillary malformation (port-wine birthmark) in the V1 distribution (forehead and/or eyelid) of the facial region. However, not all patients with SWS present with a port-wine birthmark, and some also experience port-wine birthmarks in the V2, and V3 regions. Many patients with a port-wine birthmark experience increased ocular pressure or glaucoma in the eye adjacent to the birthmark. SWS presents in conjunction with a cerebral venous malformation (leptomeningial angiomatosis), which can be seen using MRI neuroimaging techniques. Diagnosis of SWS is based on having two out of three diagnostic criteria, those being a facial port-wine birthmark, increased ocular pressure, and leptomeningial angiomatosis. Those with only the leptomeningial angiomatosis, but without skin or eye involvement, are still considered to have SWS, but these patients are qualified as having the intracranial variant of SWS. Primary neurological symptoms of SWS include seizures, headaches, stroke-like episodes, hemiparesis, visual field deficits, and cognitive impairments. There are also a host of non-neurological symptoms. Many patients with SWS experience endocrine problems, learning difficulties, behavioral and emotional problems, cognitive impairment, and other medical issues.
Diagnosis of SWS
Only 8 %-20 % of patients with facial port-wine birthmarks, with and without ocular involvement, develop neurologic symptoms [1, 2] . Those with only V2 and/ or V3 involvement have a significantly lower risk for experiencing symptoms of SWS, and early screening is less urgent. The elevated risk really lies with the infants having a V1 distribution port-wine birthmark [1, 3, 4] . When extensive bilateral facial port-wine birthmark (involving both V1 distributions) is present, then the risk of brain involvement is somewhat higher (about 35 %) and the threshold for MRI imaging these infants is probably lower for most physicians [2] . While many children with port-wine birthmarks in the V1 region do not go on to develop other symptoms of SWS, early screening is essential in order to aggressively manage potential risks. The majority present with focal or complex partial seizures; less common presentations include early handedness or a visual gaze preference. Several imaging techniques are readily used to help diagnose SWS and to determine the extent of brain involvement. MRI is the generally accepted preference for diagnosing and monitoring brain involvement, particularly in patients over one year of age. The ideal standard is a T1 and T2-weighted brain MRI with gadolinium contrast, and post-contrast fluid attenuated inversion recovery (FLAIR) [5•] . Neuroimaging can be done proactively, before symptoms even occur. However, in newborns and young infants, these imaging techniques can often lead to false negative results [6] . For this reason, MRI is not suggested for young infants as it can be falsely reassuring, and imaging all these children (most of whom are normal) would require the sedation of large numbers of normal children. However, it is highly recommended for high risk patients as soon as possible after turning one year of age or if symptoms begin in the meantime. As mentioned before, early diagnosis of brain involvement is important to either reassure parents or provide a basis for prophylactic treatments. In younger patients, electroencephalography (EEG) is a good option for assessing abnormal brain activity, and identifying patients at risk for future neurologic symptoms [6] . While EEG can also lead to false negatives in young patients who may not have fully developed symptoms, EEG is a useful method because it is noninvasive and can be repeated easily, and safely as often as necessary. Diagnosis is never made by EEG; a concerning EEG must be followed by appropriate imaging; either at the time of a concerning EEG or later after a year of age. The value of EEG/quantitative EEG is in aiding the selection of the few infants who should undergo early MRI imaging. Quantified EEG results, which correlate with clinical SWS severity, can help to minimize variation in clinical interpretation of EEGs [7] . FDG-PET and MR spectroscopy can be used to help screen surgical candidates, or as research tools, but are not generally used as routine clinical tests for diagnosis or monitoring disease severity.
Pathogenesis
As recently reported, SWS is caused by a somatic mutation in a nucleotide transition in the gene GNAQ on chromosome 9q21. The mutation in GNAQ increases activity in pathways transmitting signals from a subset of G protein coupled receptors (GCPR). Mutant con-structs were transiently expressed in T293 cells and demonstrated constitutive over activation of downstream pathways. Precisely how this over activation results in port-wine birthmarks and SWS requires additional study [8••] . Further research is being done to determine the cell type(s) containing this somatic mutation, additional pathways impacted, develop animal and in vitro models, and to create potential therapies for reversing the over activation. This discovery opens the door to a host of new research into SWS pathogenesis and treatment. At this point in time, genetic testing is not clinically available for SWS, nor does it have a role in separating an isolated port-wine birthmark from SWS. However, as research advances on the genetic basis of the disorder, testing may be useful in the future.
Natural history
Most patients with brain involvement will begin seizure activity during infancy, but new neurologic symptoms have been shown to present in adulthood in certain cases [9] [10] [11] . Adult-onset SWS does not necessarily follow the same pattern as early onset SWS, but has not been studied extensively. Seizures in these patients tend to be easier to control and less associated with strokes and neurologic deterioration. Neurologic symptoms can continue to worsen gradually with time, or are often caused by a specific stroke-like episode. No consensus exists on what a stroke-like episode is, but these episodes can be functionally defined as a new neurologic deficit, occurring with or without the context of seizures, which last longer than 24 h. These episodes may be triggered by falls, head trauma, headaches, or occur randomly [9, 12] . Many of these neurologic deficits fully or partially resolve but in young children are more likely to result in accrual of permanent disability. Seizures occur in roughly 75 % of patients with unilateral brain involvement, and 95 % of patients with bilateral brain involvement [13, 14] . It is essential to educate parents on recognizing seizures, as SWS seizures often do not present in the manner that parents expect. Often infantile seizures are subtle, rhythmic twitching of the hand, foot, or eye. Many people expect seizures to be generalized tonic-clonic activity, but this is not often seen in SWS [9] . If parents are not properly educated on the presentation of seizures, they may miss them altogether. If seizures continue without being controlled, they can drastically worsen cognitive impairments and neurologic injury [15••, 16, 17] . Typically, neurologic status stabilizes by school age and this correlates with a stabilization in the glucose hypometabolism noted on PET imaging [18] ; likely this is in part due to the increased seizure threshold in older children and in the opening of collateral deep draining vessels which improve venous outflow and therefore stabilize perfusion to that region. Migraines can begin at a very young age and may trigger seizures and stroke-like episodes. At the same time, seizures and stroke-like episodes can trigger migraines [9, 19] . In adolescence, stable epilepsy, stroke-like episodes, and migraines may become a greater issue once again although not usually with the same degree of deterioration as in infancy and toddler years. Generally, neurologic status is more stable in adults with SWS although older adults may present with new onset of neurologic deficits, memory or mood issues and worsening of epilepsy [9] . The neurologic trajectory in older adults with SWS has not been well defined and is poorly understood.
Treatment Seizures
The primary aim of pharmacologic treatment is to minimize, or optimally eliminate seizure activity. It is likely that lengthy and frequent seizures help to worsen neurologic injury, so controlling these seizures in the long term, and treating them at the time of occurrence are both very important [9, 16, 17] . There are a variety of anti-convulsant medications, which may be successful in a variety of situations. We recommend starting an anticonvulsant after the first focal seizure and the most common first line anticonvulsant is oxcarbazepine [9] . However, this may occasionally lead to central hypothy-roidism, especially in girls [20] . Other first line anticonvulsants to consider include levetiracetam and topiramate [9] . Other potential, but less commonly used chronic anticonvulsants, include valproic acid, carbamazepine, zonisamide, lamotrigine, and phenobarbital. Oftentimes, seizures are precipitated by outside factors such as stress, lack of sleep, and illness. While it is impossible to fully control these factors altogether, it is essential to try and minimize their negative influence. One of the primary means of preventing seizures is to get enough sleep. Another good preventative effort is for patients and family members to receive annual flu shots. When patients do get sick, proper hydration, fever treatment, and treatment of infection are essential. While they are not necessarily present at a higher rate in SWS patients, iron deficiency, and anemia should be diagnosed and properly treated.
Presymptomatic treatment with low-dose aspirin has been offered to a small group of infants and young children prior to the onset of seizures or strokes; the range of outcomes by neuroscore a few years later is variable and the numbers likely too small to determine if there is an effect [21••] . Presymptomatic treatment with phenobarbital has been studied, and was associated with reduced risk for cognitive impairment in patients receiving phenobarbital before their first seizure, vs those receiving it after their first seizure [22] . We offer anticonvulsants (leviteracetam) and low-dose aspirin to presymptomatically diagnosed infants with extensive bilateral brain involvement, whose entire brains are at risk for injury and atrophy since their prognosis is poor. Very few infants have been diagnosed presymptomatically and treated at this point, and more experience is needed to comment on effectiveness of this approach (unpublished data).
A subset of patients with SWS fail medical management and have frequent and/or prolonged seizures despite two or more anticonvulsants and low-dose aspirin. These patients should be considered for surgery. The decision to proceed with surgery is made easier if the patient already has hemiparesis and a visual field deficit, as is often the case when their seizures are frequent, or if they are a candidate for a focal resection that will not be expected to leave them with a motor deficit. Please see below for more information on surgical management of seizures in Sturge-Weber syndrome.
Modified Atkins diet and ketogenic diet
Medications are effective in preventing seizures in roughly 50 % of patients according to the literature [23, 24] ; with the use of newer anticonvulsants and low-dose aspirin this percentage is probably higher. For the remaining patients, surgery and lifestyle changes may become options. The Modified Atkins Diet (MAD) may be useful in controlling seizure activity. Unlike the ketogenic diet, which begins with calorie and fluid restriction, MAD does not begin this way. This modification may help to avoid triggering stroke-like episodes, and because MAD is less restrictive than the full ketogenic diet, it may increase adherence in young patients. In a study of five patients on the MAD, 60 % saw a greater than 50 % reduction in seizure activity after three months, and the remaining 40 % saw a 25 % percent reduction in seizure frequency; one of these patients gained complete control at six months and one had 90 % control at six months [25] . However, none of the five subjects have remained on the diet (unpublished data). The ketogenic diet has also been safely used as well (unpublished data) and can be helpful, especially in infants.
Hemispherectomy
Standard procedure There are several different techniques currently in use, including the functional hemispherectomy, anatomic hemispherectomy and hemispherotomy [26] . In these procedures, regions of the brain are surgically removed, or connections are severed in an attempt to control seizure activity. Recently a few surgical series have been published [27] [28] [29] .
Contraindications Since the goal is to remove epileptic, diseased brain tissue, patients with bilateral brain involvement typically are not good surgical candidates. However, hemispherectomy or focal resections have been done rarely even in these cases when a child is very severely affected by seizures, has failed extensive medical attempts to manage their seizures and seizure monitoring suggests that most of their seizures are coming from one side of the brain or one region [30] .
Complications Motor deficits and visual field cut (this is minimized if the patient already has these deficits prior to surgery), infection, intracranial hemorrhage, hydrocephalus/ ventriculoperitoneal shunt placement, and rare mortality.
Special points Today's procedures have drastically improved and offer a much better option for reduced complications and side-effects. SWS has been noted as a condition that responds exceptionally well to hemispherectomy for seizure control [26] . Due to increased plasticity and ability for remodeling in young brains, hemispherectomies completed earlier in life may be better at reducing functional deficits [31] . However, there is not a consensus that earlier hemispherectomies are always better. In the case of SWS, later hemispherectomies have been linked to positive outcome [27] . Patients who have daily or weekly seizures despite aggressive medication, and already present secondary symptoms such as hemiparesis, and visual field deficits are generally considered the best candidates for hemispherectomy [9] . Those with bilateral brain involvement can potentially be considered for this procedure if the seizures originate in one hemisphere only.
Cost/cost effectiveness As with any surgery, this procedure is costly. It involves an inpatient stay in the hospital, anesthesia, pre-and postoperative monitoring, surgical rehabilitation, and recovery, in addition to other costs.
Focal brain resection
Standard procedure Removing the region of the brain where seizures originate.
Contraindications Patients with seizures originating in different regions of the brain, or patients with seizures originating in an eloquent brain region are poor candidates for this procedure.
Complications Infection, intracranial hemorrhage, mortality.
Special points This surgical procedure has more limited postoperative morbidity, and should be considered before hemispherectomy in patients with localized seizures. It is also much better at preventing visual field cuts, and hemiparesis that are highly associated with hemispherectomy. It is a good option for patients with frequent seizures, which have not responded to at least two different seizure medications and low-dose aspirin [32] . In patients with SWS, however, it has been shown that risk of seizure recurrence is higher with focal resections than with hemispherectomy [28, 29] .
Stroke-like episodes
SWS severity has been associated with thrombosis and subsequent venous stasis, which can both be improved through the use of antiplatelet medications [21••] . While its use remains controversial and there has never been a randomized, placebo controlled trial, low-dose aspirin (3-5 mg/kg/day) has been shown to be safe for patients with SWS, and to be helpful in reducing stroke-like episodes and seizures [21••, 33, 34] . By preventing these episodes, we hope to prevent cognitive problems, and functional disability. Since children most commonly have their deteriorations when ill, and lowdose aspirin has never been associated with Reye syndrome even in the thousands of children world-wide that use it for secondary stroke reduction, it is not recommended that the dose be reduced when ill. The flu shot is recommended annually to keep the patient healthy. In our center, a low dose aspirin regimen is often initiated before seizure activity begins, in patients with risk factors such as early handedness or visual gaze preference. It can also be initiated after imaging confirms brain involvement, even if no symptoms have developed. Aspirin therapy can be initiated in patients as young as 1 month of age, if seizures or the above risk factors are present.
Low dose aspirins [21••]
Standard dosage 3-5 mg/kg/day Contraindications Those having experienced negative reactions to aspirin in the past, aspirin allergy.
Main drug interactions Aspirin is safe to use with all of the commonly prescribed anti-convulsants.
Main side effects Increased bruising and nosebleeds.
Special points Aspirin is recommended to help prevent venous stasis and microvascular thrombosis, which can both contribute to neurologic decline. Previous studies have shown aspirin to be safe in the SWS population, as well as potentially useful in reducing seizure activity and stroke-like episodes. Rare sub-dural or sub-galeal bleeds have been reported with minor trauma, however, such bleeds in SWS have also been reported without associated low-dose aspirin use thus, cause/effect relationship has not been established.
Cost/cost effectiveness Inexpensive.
Headaches
For patients with SWS, headaches and migraines can be even more disruptive and difficult to treat than seizures [35] . The relationship between migraines and seizures is complex, with headaches often triggering seizures, and seizures frequently triggering headaches. Migraines can first be treated with standard, over the counter painkillers. When they occur frequently or with greater severity, preventative medications can be considered. In a survey of 74 patients with SWS and migraines, 35 % utilized preventative migraine medication [36] . Ideally, preventative medications can be used that help to manage seizures and headaches concurrently, such as topiramate, valproate, and gabapentin. These medications have not been specifically studied for the treatment of seizures and/or migraines in SWS, however [9] . The same survey of 74 patients also found that 22 % of patients had tried triptans, many with improvements and no complications [36] . It is important not only to address headaches to improve quality of life, but also to try and prevent triggering additional seizures or stroke-like episodes.
Ophthalmologic symptoms
For glaucoma, medication is generally the first line of attack, although it is often not enough. The best studied topical medication is latanoprost, with research showing effective control of intraocular pressure in up to 50 % of patients [37] [38] [39] . When medication alone is unable to reduce elevated eye pressure, it is often necessary to resort to surgery to maintain optimal eye function. Common surgical therapies include trabeculectomy, trabeculotomy, and goniotomy in infants and children, as well as valve drainage implants, nonpenetrating sclerectomy, and ciliodestructive procedures in adults [40, 41] . The most successful treatment is often a combination of two of the above surgical techniques [37] . The goal of both eye drops and surgery is to reduce fluid in the eye so as to reduce eye pressure and reduce the risk if ophthalmic nerve infarction and vision loss in that eye [37] . Even with the best treatment, infants with florid glaucoma may not respond to treatment and bupthalmos (eye enlargement) and amblyopia may result [42] .
Dermatologic symptoms
For the skin involvement, laser treatment can result in lightening of the port-wine birthmark. Laser treatment is also thought to reduce the longterm risk of soft and bony tissue hypertrophy and the attendant functional impairments related to swallowing, speaking, breathing, vision, and hearing [43] . The current method for lightening port-wine birthmarks is the flashlamp-pumped PDL, which targets the port-wine vasculature without affecting the surrounding epidermis or dermis [44] . While PDL can significantly lighten the majority of port-wine birthmarks, it is most effective when the birthmark is pink and flat, and thus when begun in infancy, and frequently requires maintenance treatments on an ongoing basis [45, 46] . Some port-wine birthmarks are "PDL resistant" and do not lighten with this current therapy [47] . For others, progressive lightening ends after six to ten treatments, so newer and more effective lasers are being researched to meet these needs [44] . Research is also underway to evaluate the combination of laser treatment with an mTOR inhibitor or other anti-angiogenesis agents and in the future this approach may provide more effective management [48•] .
Endocrine function
Endocrine issues are more common in patient with SWS than in the general population. They have an increased risk of growth hormone deficiency, which presents in childhood with growth below the 5th percentile or significantly below the mean parental height [49] . Growth hormone deficiency may be screened for in children over the age of two, where this diagnosis is suspected, with a serum IGF-1 level. However, formal growth hormone stimulation testing should be done to confirm the diagnosis. Patients who are deficient may be treated, however, in our experience it is not uncommon for their treatment to be complicated by a worsening of their seizure status (unpublished data). Central hypothyroidism is also seen and probably relates to the use of anticonvulsants [50] . As we reported, testing by free T4 by dialysis is required to make the accurate diagnosis of central hypothyroidism [51] . Patients with verifiably and consistently low levels of free thyroxine, and with normal morning cortisol levels, should be started on levothyroxine. Patients without normal cortisol levels can experience adrenal insufficiency due to increased clearance of cortisol by thyroxine replacement. For patients with inconsistently low levels of free thyroxine, levothyroxine should not be initiated, but careful monitoring is important [50] . In our experience, treatment of children with true central hypothyroidism is anecdotally helpful to their stabilization and progress.
Cognitive/psychological function and hemiparesis
Cognitive impairments may range from attention problems, to mild learning disability, to severe cognitive impairment. Attention problems, mood issues, and various cognitive difficulties, depending on the side, region of brain involvement, and severity of seizures may contribute significantly to quality of life and academic performance [15••] . Early seizure onset and bilateral brain involvement are both risk factors for cognitive impairment. In addition, patients with hemiparesis are more likely to have general cognitive impairments [52] . For patients displaying these risk factors, neuropsychological testing performed between ages 3 and 4 can help to identify any specific deficits or concerns [9] . Those patients with greater cognitive impairment are shown to also have a greater rate of emotional and behavioral issues [53, 54] . Patients with cognitive deficits and attention problems can benefit from specialized education services, behavioral psychology intervention, and stimulant use. Stimulants have been shown to positively impact attention problems in SWS patients [55] . To address hemiparesis, physical and occupational therapy can be incorporated at an early age to improve motion and fine motor skills; some work with constraint therapy has been done with these patients and has been shown to be helpful [56] .
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